Records from 2,525 adult Targhee ewes and 10,099 lambs were used to estimate genetic parameters in an animal model for ewe stayability (STAY), productive life (PL), adult BW (AW) and BCS, fleece characteristics, and number of lambs born (NLB) and for lamb BW at birth and approximately 45 d, 120 d (120W; weaning), 12 mo, and 18 mo of age. Stayabilities were analyzed as overall stayability (STAYn|2), which indicated presence or absence of a ewe at n yr of age, given that she was present at 2 yr of age, or marginal stayability (STAYn|n−1) recording the presence of a ewe at n yr of age, given that she was present in the previous year. Productive life was measured as the age of ewe in years at her last lambing. Lamb BW were corrected for age at weighing; BW taken at or before weaning were adjusted for effects of type of birth and rearing, age of dam, and sex using National Sheep Improvement Program methods. The NLB was likewise adjusted for effects of ewe age before analysis. Birth year was included as a fixed effect for all traits. Year of record and, for AW and CS, the number of lambs born or born and reared were also included in models for adult traits. Models for all traits included random additive genetic and residual effects. Random maternal genetic and dam permanent environmental effects were also included in the model for lamb (pre)weaning BW, and random permanent environmental effects of the ewe were included in models for adult traits. The heritability estimate for PL was 0.05 (P < 0.10). Additive variance in STAY was only present after 5 yr of age (P < 0.05), with estimated heritabilities ranging from 0.04 to 0.10. Phenotypic correlations between STAY and other traits were near zero, ranging from −0.07 to 0.14. Estimates of genetic correlations of STAY5|4 and STAY6|2 with maternal genetic effects on 120W were positive (both 0.46; P < 0.05), suggesting that STAY and maternal effects on 120W both reflect genetic variation in ewe fitness characteristics. Genetic correlations between STAY5|4 and 120W, AW, and NLB were not different from zero (0.06, 0.13, and −0.06, respectively; P > 0.10). However, genetic correlations between STAY6|2 and 120W, AW, and NLB were all negative, with values of −0.17, −0.32 (P < 0.05), and −0.03, respectively, indicating a possible small antagonism between STAY and genetic effects on body size.
INTRODUCTION
Breeding ewes that stay in the flock for longer periods of time typically produce more lambs than ewes that leave the flock at younger ages. Breeding ewes may be voluntarily removed from the flock if they fail to breed, have poor production, or reach a predetermined culling age, or may necessarily be removed due to illness or death. However, inclusion of productive life (PL) of the ewe in flock breeding objectives has been limited by a lack of information regarding genetic control of this trait.
Stayability is defined as the probability of survival to a specific age, given the opportunity to reach that age (Hudson and Van Vleck, 1981) and reflects underlying fitness characteristics that cause removal of breeding animals from the flock. Genetic variation in stayability has been identified in dairy (e.g., Van Vleck, 1980) and beef cows (Snelling et al., 1995) and swine (LopezSerrano et al., 2000) , but few studies have addressed genetic control of stayability in sheep (Brash et al., 1994; Conington et al., 2001) . Stayability is typically measured as a binary trait and has been evaluated with linear and threshold models. Results from alternative models are usually consistent as long as observations are approximately equally distributed across fixed ef-fect categories (Māntysaari et al., 1991) . Similar results were obtained for genetic evaluation of stayability in Canadian Holstein cattle using linear and threshold models, and the less computationally demanding linear model was implemented (Jairath et al., 1998) .
Stayability of individual ewes can only be assessed after the ewe leaves the flock, and, in extensive production systems, detailed information about time of ewe removal may be limited. Incorporation of associations between stayability and other traits in multiple-trait evaluations could improve accuracy. Objectives of this study were thus to estimate genetic parameters for alternative measures of stayability and evaluate relationships between lamb growth, ewe performance, and stayability.
MATERIALS AND METHODS
Animals were maintained under standard operating protocols for livestock production and, in recent years, with approval of the Montana State Agricultural Experiment Station Animal Care and Use Committee.
Data
Data were available for 12,154 Targhee sheep born between 1960 and 2005 at Montana State University (Bozeman) and managed as a commercial western range flock at the Red Bluff Research Ranch near Norris, MT. Flock dynamics and management practices were described in detail by Borg et al. (2009) . Ewes were mated to Targhee rams in single-sire pens with 20 to 30 ewes per pen for approximately 20 d beginning in early November and then exposed to several Suffolk rams in a single mating group for an additional 20 d. All rams received a complete physical examination before the start of mating. Lambs were born in April and May, moved to summer range with their dams in early June at approximately 45 d of age, and weaned in fall at an average age of 120 d. Ewes were sheared before the start of lambing in February or March.
Data included BW of lambs at birth (BWT), approximately 45 d of age (45W), and weaning at approximately 120 d of age (120W), as well as annual ewe BW at weaning (PWT i ) and the number of lamb born at each lambing (NLB i ). In addition, subsets of the data contained BW at 12 (YWT) and 18 mo of age (18MW), annual adult BW in late gestation (GWT i ) and early lactation (LWT i ), annual adult BCS (on a scale of 1 to 5 with 5 denoting the fattest ewes; Russell et al., 1969) in late gestation (GCS i ), early lactation (LCS i ), and at weaning (PCS i ), and annual adult fleece weights (AFW i ), staple lengths (ASL i ), and spinning counts (ASC i ; or wool grades; Lupton, 2003) ; i is the age of ewe in years at the time data were recorded. Table 1 shows the years when data were collected, numbers of observations, and numbers of sires and dams for each measure. Changes in adult BW were also calculated during early lactation (WC1 = LWT i − GWT i ), late lactation (WC2 = PWT i − LWT i ), and breeding and gestation (WC3 = GWT i+1 − PWT i ). Further description of the adult BW and condition traits and methods used to edit and adjust BW records were given by Borg et al. (2009) .
Replacement ewe lambs were chosen based on phenotypes for BW and wool quality and, after 1986, on EPD for these traits. Ewe lambs were mated for the first time at 18 to 19 mo of age, and breeding ewes were identified as those that lambed at 2 yr of age. Ewes were removed from the flock for failure to lamb, extremely poor production, illness, or death, but specific information on the exact reason or date when an individual ewe left 1 BWT = birth weight; 45W = 45-d preweaning BW; 120W = 120-d weaning weight; YWT = yearling weight; 18MW = 18-mo BW; PWT = adult BW at postweaning of lambs; LWT = adult BW during lactation; GWT = adult BW during late-gestation; PCS = adult BCS at postweaning of lambs; LCS = adult BCS during lactation; GCS = adult BCS during late-gestation; AFW = adult fleece weight; ASL = adult staple length; ASC = adult spinning count; and NLB = number of lambs born per litter.
2 All weights measured in kilograms; ASL measured in centimeters.
the flock was not available. Thus, ewes were identified as removed from the flock if a lambing record was present at n yr, but not at n+1 yr, of age. All remaining females were culled after the fifth lambing opportunity (i.e., before reaching 7 yr of age). Only 1.5% of ewes apparently did not lamb at age n, but subsequently had lambing records at later ages. Reasons for these anomalous records were unknown, and these ewes were removed from the data after their first failure to lamb. Stayability data were available for ewes born between 1960 and 2002 and included 2,525 ewes from 183 sires and 1,498 dams. Eight conditional stayability measures were used as binary indicators of lambing (failure = 0, success = 1) at a given age. Measures of overall stayability (STAY n|2) described the probability that a ewe that lambed at 2 yr of age also lambed at n yr of age (n equal 3, 4, 5, and 6) and were calculated only for individuals that had opportunity to express a lambing record at n yr of age. Marginal stayabilities (STAY n|n−1) were defined as the probability that a ewe that lambed at n−1 yr of age also lambed at n yr of age and were missing for ewes that did not lamb at n−1 yr of age. Productive life was calculated for ewes born before 2000 (i.e., those that had opportunity to remain in the flock until 6 yr of age) and defined as the age in years at the last lambing. Final numbers of observations for the different stayability traits are shown in Tables 2  and 3 .
Statistical Analysis
Linear animal models were implemented for all traits using multiple-trait, derivative-free REML software (Boldman et al., 1995) . Convergence of solutions was assumed to have occurred when the variance of −2 times the log-likelihoods across iterates was less than 10 −9 , and analyses were repeated with converged estimates as priors to ensure global convergence. All stayability traits included a fixed effect of ewe birth year and random additive genetic effects with mean of 0 and variance of Aσ a 2 , where A is the additive numerator relationship matrix and σ a 2 is the additive genetic variance. Random residual effects were assumed to have mean 0 and variance I n σ e 2 , where I n is an identity matrix with order equal to the number of records and σ e 2 is the residual variance.
Analytical procedures for lamb traits and other adult measurements were described in detail by Borg et al. (2009) . Briefly, multiplicative factors were used to adjust BWT, 45W, and 120W for effects of age of dam, lamb sex, and type of birth and rearing and to adjust NLB for effects of ewe age. Fixed effects for analysis of lamb BW included effects of year of birth and, for YWT, sex of lamb. Models for BWT, 45W, and 120W included random direct and maternal genetic, dam permanent environmental and residual effects, but based A total of 2,287 ewes lambed at 2 yr of age and had opportunity to remain in the flock until 6 yr of age.
2
Ewes that lambed at the given age but were removed from the flock before their next lambing opportunity.
3
Proportion of ewes within an age group that were removed from the flock. 4 Cumulative proportion of ewes removed from the flock after each year of production. Overall stayability (STAY i|2) is the probability that a ewe lambed at i yr of age given that she lambed at 2 yr of age. Marginal stayability (STAY i|j) is the probability that a ewe lambed at i yr of age given that she lambed at j yr of age. PL = productive life. 2 σ p 2 = phenotypic variance; h 2 = heritability; h u 2 = h 2 adjusted to the assumed underlying normal distribution of stayability using text Eq.
[1]. †P < 0.10, *P < 0.05, **P < 0.01, ***P < 0.001.
Genetic analysis of ewe stayability on prior analyses by Notter and Hough (1997) and Borg et al. (2009) , the covariance between direct and maternal genetic effects on lamb growth was assumed to be zero. Models for YWT and 18MW included only additive genetic and residual random variances. Ewe BW, BCS, NLB, and fleece measures were analyzed as annual repeated records. Models included random additive genetic, animal permanent environmental, and residual effects and fixed effects of ewe birth year, year of record, and for ewe BW and BCS, number of lambs born or born and reared. Single-trait analyses were initially conducted for each stayability trait; variance components estimated from these analyses were then used as priors for multipletrait analyses. Additive direct and residual covariances were calculated between each pair of stayability traits and between stayability measures and all other lamb and adult traits, and trivariate analyses including weaning weight were conducted when selection bias at weaning potentially influenced genetic parameter estimates from bivariate analyses. Covariances between additive genetic effects on stayability and maternal genetic effects on lamb traits were also estimated. The software did not permit direct estimation of covariances between residual environmental effects on stayability and permanent environmental effects on repeated adult traits. However, these covariances could be estimated by fitting residual effects for stayability traits as an independent permanent environmental effect of the ewe and forcing the residual variance of stayability to zero. This procedure allowed estimation of covariances between independent random animal permanent environmental effects, which are equivalent to the covariance between residual effects on stayability traits and permanent environmental effects on repeated adult traits (Rao and Notter, 2000) . Significance of all covariances in bivariate analyses was determined by likelihood ratio tests after fixing each covariance to 0. As discussed by Māntysaari et al. (1991) , estimates of genetic correlations involving stayability measures expressed on the binomial scale were assumed to be unbiased, but heritability estimates for binomial stayability traits were transformed to the assumed underlying normal scale ( ) h u 2 by applying the adjustment proposed by Dempster and Lerner (1950) :
where p is the incidence of survival and j is the ordinant of the standard normal curve at a truncation point dividing the distribution into proportions p and 1 − p.
RESULTS AND DISCUSSION
Replacement rates in this flock ranged from 21.5 to 33.9% per year, with an overall average of 30.7%, which was greater than the 20 to 25% replacement rate reported over a 9-yr period by Saboulard et al. (1995) for 2 flocks of white-faced range sheep in Wyoming. Table  2 lists numbers of ewes removed from the flock at different ages. Nearly 66% of breeding ewes left the flock for reasons other than age, and 20% of 2-and 3-yr-olds left the flock each year. The number of ewes removed from the flock decreased with age, but the marginal loss of older ewes increased. Mean PL was 4.31 yr.
Single-Trait Analyses
Phenotypic variances for overall stayability ranged from 0.158 to 0.239 and were greater than corresponding variances in marginal stayability traits (Table 3) . Heritability estimates for stayability ranged from 0.00 to 0.09 in single-trait evaluations with significant genetic variation only expressed for STAY 5|2, STAY 6|2, STAY 5|4, and STAY 6|5 (P < 0.05). Additive genetic variance for PL approached significance with a heritability of 0.05 (P < 0.10). Hudson and Van Vleck (1981) suggested that additive variance in the proportion of surviving animals is expected to increase as the frequency of surviving females decreases with age toward 0.5, because the variance of a binomial trait equals p(1−p), where p is the incidence of survival and increases with more equal proportions in each category. This expectation holds, however, only if the additive genetic variance in survival on an assumed underlying normal scale is constant across age classes. In our data, measures of stayability that expressed genetic variation had proportions of surviving females that ranged from 23 to 73%. Māntysaari et al. (1991) used simulated data to conclude that adjustment of heritabilities for binomially expressed traits for the incidence of survival using Eq.
[1] resulted in values that were comparable with estimates from threshold models when the incidence of a binary category was greater than 25% and the distribution of incidences across fixed effects groups was consistent. In the current data, means for overall stayability ranged from 0.34 to 0.79, but heritability estimates on the binomial and underlying scales were much greater for STAY 6|2 (0.08 and 0.13, respectively), with p(1−p) = 0.22, than for STAY 4|2 (0.01 and 0.02, respectively) with p(1−p) = 0.23. Means for marginal stayability were similar across ages. These results thus suggest that the increases in observed heritability estimates in older ewes were not simply a result of distributional properties of the data. However, the average incidence of ewes removed from the flock for most STAY3|2 contemporary groups was less than 20%, indicating that a threshold model may have been superior to account for disproportional variance among fixed-effect classes in STAY3|2. Figure 1 , derived from Borg et al. (2009) , shows changes in ewe BW and BCS at weaning with age (and after adjustment for numbers of lambs born and reared) and adds perspective to the observed pattern of change in heritabilities of stayability. Ewe BW increased asymptotically with age, whereas BCS remained essen-tially constant through 4 yr of age and then began to decline. That decline corresponds to the emergence of significant additive variance for stayability (Table 3) . We hypothesize that selection of larger and more robust ewe lambs as replacements at weaning provided a measure of buffering against the initial demands of production, but that by 5 yr of age, genetic differences in stayability began to emerge.
Bivariate Analyses
Heritability estimates from bivariate evaluations of stayability traits with lamb and adult traits are presented in Table 4 . Estimates of genetic variance for STAY 3|2, STAY 4|2, and STAY 4|3 were not different from zero (P > 0.10) in any bivariate evaluation and will not be discussed further. Heritability estimates for lamb and other adult traits in these data corresponded to those reported and discussed by Borg et al. (2009) . Significant heritability estimates for survival traits measured early in life have been reported in dairy (Vollema and Groen, 1996; Boettcher et al., 1999) and beef cattle (Snelling et al., 1995; Martinez et al., 2005) ; however, additive variance was not present in early measures of stayability in our data. When averaged over all bivariate evaluations with lamb and adult traits, heritability estimates for the remaining stayability traits were slightly greater than those estimated in single-trait analyses (Table 4) . Heritability estimates from bivariate evaluations that included 120W and stayability traits resulted in the largest estimates of additive genetic variance for stayability traits, with the exception that PL had its greatest heritability when analyzed with BWT. Thus, selection of replacement ewe lambs for BW may have biased heritability estimates for stayability traits downward in univariate analyses. Inclusion of 120W in bivariate analyses did not reveal additive differences in stayability at 3 or 4 yr of age. However, the ability to account for effects of selection on W120 in bivariate analyses relies on extrapolation of the linear relationship between W120 and stayability within the selected ewe lambs. If this relationship is, in fact, nonlinear (e.g., if the stayability of very small, unselected ewe lambs was especially poor), potential additive variance in early stayability in the entire population may remain undetected.
There are only a few heritability estimates for stayability traits in sheep. Conington et al. (2001) reported a heritability of 0.08 for time to death or removal from the flock in Scottish Blackface hill sheep, and Brash et al. (1994) estimated a heritability of 0.06 for age at last breeding in Australian Dorsets. Low estimates of heritability have been reported for stayability of breeding females in other species, with estimates increasing slightly for traits expressed later in life. Hudson and Van Vleck (1981) used a linear animal model in Holstein cows and obtained heritability estimates ranging from 0.02 to 0.05 for stayability until 36 to 84 mo of age. Other studies yielded similar estimates for stayability in dairy cattle (Vollema and Groen, 1996; Boettcher et al., 1999) . Snelling et al. (1995) reported heritability estimates of 0.01 and 0.09 for the probability a beef cow would have 2 or 8 calvings, respectively, before removal from the herd. Stayability in Large White and Landrace sows was evaluated by Lopez-Serrano et al. (2000) , with heritability estimates of 0.07 and 0.11 for removal before the second and third parities, respectively.
Phenotypic correlations between stayability and lamb traits were near zero, ranging from −0.07 to 0.06 (Table  5) , and were in agreement with phenotypic correlations of 0.04, 0.04, and 0.05 between ewe longevity and lamb weaning weight, muscle score, and fat depth, respectively, in UK hill sheep (Conington et al., 2001) . Additive genetic covariances between stayability and early lamb growth traits were generally not significantly different from zero (P > 0.10) in bivariate analyses. Genetic correlations of overall STAY and PL with lamb BW were generally negative, whereas marginal stayabilities tended to have positive genetic correlation with lamb BW. Genetic correlations of YW with overall stayability and PL were particularly large and negative and, although perhaps imprecisely estimated, suggest a genetic antagonism between postweaning growth and stayability. Mwansa et al. (2002) also reported a negative genetic correlation of -0.52 between calf growth and cow stayability in a Canadian Hereford population.
Covariances between additive genetic effects on stayability and maternal genetic effects on 120W were positive, with correlations generally ranging from 0.46 to 0.57 (P < 0.05), but with a smaller genetic correlation of 0.09 (P > 0.10) between STAY 6|5 and maternal 120W. These relationships suggest a genetic association between the ability of the ewe to provide a superior ma- ternal environment for lamb growth, perhaps through more milk production, and a reduced risk of leaving the flock before 5 yr of age. Very little voluntary culling was practiced in this flock, so this relationship likely reflects common effects of genetic differences in ewe fitness and adaptation on stayability and maternal ability. Table 6 lists correlations estimated from bivariate analyses of stayability and adult traits. Phenotypic correlations were generally positive but weak between stayability and adult traits, ranging from −0.01 to 0.16. However, phenotypic correlations of stayability with ewe body condition and BW changes were often significant. Genetic covariances between NLB and stayability were not different from zero (P > 0.10); correlations ranged from −0.22 for STAY 6|5 to 0.12 for PL. This pattern suggests the possibility of a longer PL, but perhaps a greater marginal risk of removal late in life, for more prolific ewes. The literature is also inconsistent regarding this relationship. Conington et al. (2001) reported a genetic correlation of 0.36 between longevity and number of lambs reared, whereas Brash et al. (1994) presented a genetic correlation of −0.15 between ewe longevity and number of lambs born.
Additive genetic covariances between stayability and ewe BW were generally negative and often significant, especially for STAY 6|2 and PL. A similar negative relationship was reported by Mwansa et al. (2002) , with a genetic correlation of −0.48 between cow BW at weaning and the probability of having 3 calves before removal from the herd. Residual correlations between stayability and ewe BW were positive and usually significant. These results suggest that ewes with high genetic merit for body size may have had shorter productive lives, but that nongenetic factors that increased BW had a positive impact on stayability. However, unbiased estimation of residual correlations involving binary traits is more difficult than estimation of heritabilities or genetic correlations (Māntysaari et al., 1991) .
Residual correlations between stayability and ewe BCS were positive and moderately large and were significant for overall stayability and PL. In contrast, genetic correlations were, with one exception, consistently negative, but never significant. Beckman et al. (2005) reported genetic correlations between cow BCS and stayability ranging from −0.12 to −0.22 in Red Angus cattle.
Correlations involving stayability traits and ewe BW changes (Table 6) were quite variable and, particularly for genetic correlations involving WC2 and WC3, reflect the large sampling errors that are possible when heritabilities are low for both traits. However, all significant relationships between stayability and ewe BW changes were positive, suggesting that ewes that lose less, or gain more, BW tend to have less risk of being 1 BWT = birth weight; 45W = 45-d preweaning BW; 120W = 120-d weaning weight; YWT = yearling weight; 18MW = 18-mo BW; PWT = adult BW at postweaning of lambs; LWT = adult BW during lactation; GWT = adult BW during late-gestation; PCS = adult BCS at postweaning of lambs; LCS = adult BCS during lactation; GCS = adult BCS during late-gestation; and NLB = number of lambs born per litter. Overall stayability (STAY i|2) is the probability that a ewe lambed at i yr of age given that she lambed at 2 yr of age. Marginal stayability (STAY i|j) is the probability that a ewe lambed at i yr of age given that she lambed at j yr of age. PL = productive life. All weights measured in kilograms.
2 h 2 = heritability; m 2 = maternal heritability; pe 2 = permanent environmental variance as a proportion of phenotypic variance.
3 BW changes during early lactation (WC1), late gestation (WC2), and breeding and gestation (WC3).
culled. Covariances between adult fleece and stayability traits were never different from zero (P > 0.10) and are not presented. However, Conington et al. (2001) reported a genetic correlation of 0.26 between longevity and fleece weight.
Trivariate Analyses
Correlations from selected trivariate analyses involving STAY 6|2 and PL are presented in Table 7 . These evaluations always included 120W to account for potential ewe lamb selection bias in estimation of correlations between stayability and adult traits. Trivariate analyses often did not reach the convergence criterion set for univariate and bivariate analyses, and a minimum convergence criterion of 10 −6 was accepted for these analyses. Heritability estimates for STAY 6|2 ranged from 0.02 to 0.15 when evaluated with 120W and another stayability trait, which was a larger range than that observed for estimates from bivariate analyses. However, correlation estimates among stayability traits were similar to those from bivariate analyses; genetic correlations of STAY 6|2 with STAY 5|2 and STAY 5|4 were 0.92 and 0.98, respectively.
In trivariate analyses that included 120W, STAY 6|2, and adult BW, genetic correlations between 120W and STAY 6|2 ranging from −0.18 to −0.27, but covariance estimates were not significantly different from zero. Genetic covariances between STAY 6|2 and adult BW were much smaller than those observed in bivariate analyses, with correlations ranging only from −0.07 to 0.01. Similar results were observed between PL and adult BW in trivariate analyses, indicating little relationship between adult BW and stayability. Residual relationships between stayability and adult BW remained positive but were smaller than those from bivariate analyses. Genetic correlations of STAY 6|2 and PL with maternal genetic effects on lamb BW were consistent with estimates in bivariate evaluations, with positive correlations between maternal effects on 120W and stayability ranging from 0.38 to 0.63 (P < 0.05) and between maternal effects on 120W and adult BW ranging from 0.27 to 0.43 (P < 0.05).
Genetic covariances between stayability and adult BW may be more appropriately estimated in trivariate models where relationships between adult BW and 120W are included. Genetic effects involving stayability and body size appear to be more strongly related to early lamb growth than to adult BW (Table 7) , although all associations were small. Stobart et al. (1986) concluded that phenotypic variation in adult BW was strongly associated with differences in lamb growth rates. Lamb growth and mature size have a strong genetic relationship; however, under extensive range en- (STAY i|2) is the probability that a ewe lambed at i yr of age given that she lambed at 2 yr of age. Marginal stayability (STAY i|j) is the probability that a ewe lambed at i yr of age given that she lambed at j yr of age. PL = productive life.
2 r p = phenotypic; r g = additive genetic; and r e = residual correlations. r am is the correlation between additive genetic effects on stayability and maternal genetic effects on the lamb trait.
†P < 0.10; *P < 0.05; **P < 0.01. Tests of significance were based on likelihood ratio tests of additive genetic, maternal genetic, and residual covariances but are associated with correlation estimates for ease of interpretation. Tests of significance of phenotypic correlations were based on Table A11 of Snedecor and Cochran (1967) . Table 6 . Phenotypic, genetic, and residual correlations between stayability and adult traits from bivariate analyses ing of lambs; LCS = adult BCS during lactation; GCS = adult BCS during late-gestation. Overall stayability (STAY i|2) is the probability that a ewe lambed at i yr of age given that she lambed at 2 yr of age. Marginal stayability (STAY i|j) is the probability that a ewe lambed at i yr of age given that she lambed at j yr of age. PL = productive life.
2 r p = phenotypic; r g = additive genetic; and r e = residual correlations between stayability and lamb traits.
3 BW changes during early lactation (WC1), late gestation (WC2), and breeding and gestation (WC3). †P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001. Tests of significance were based on likelihood ratio tests of additive genetic, maternal genetic, and residual covariances but are associated with correlation estimates for ease of interpretation. Tests of significance of phenotypic correlations were based on Table A11 of Snedecor and Cochran (1967) .
vironments, nongenetic factors influencing adult BW likely also affect the rate of early flock removal. Negative correlations between WC1 and 120W presented by Borg et al. (2009) , along with the small negative genetic relationships between stayability and growth presented here, indicate that ewes with greater genetic potential for growth may have somewhat reduced stayability, possibly because attaining ewe growth potential is hindered due to limiting environmental conditions. Lasslo et al. (1985) suggested that ewes maintained under extensive range environments may not express their maternal production potential due to limitations in feed intake. Therefore, ewes with high genetic value for growth and size may leave the flock because they either phenotypically appear to be unfit for breeding or are at greater risk of illness or death. Genetic correlations between 120W and stayability traits generally ranged from −0.20 to −0.40 and those with adult BW were generally not less than −0.20. Thus, selection to allow simultaneous improvement in growth potential and stayability is possible, provided a practical estimator of stayability can be identified and incorporated into the genetic evaluation. Table 7 . Genetic, maternal, and residual correlations (r) from trivariate analyses of weaning weight (120W), stayability traits, and adult BW or BCS 1 PL = productive life; PWT = adult BW at postweaning of lambs; LWT = adult BW during lactation; GWT = adult BW during late-gestation; PCS = adult BCS at postweaning of lambs; LCS = adult BCS during lactation; GCS = adult BCS during late-gestation. Overall stayability (STAY i|2) is the probability that a ewe lambed at i yr of age given that she lambed at 2 yr of age. Marginal stayability (STAY i|j) is the probability that a ewe lambed at i yr of age given that she lambed at j yr of age.
2
All trivariate analyses included weaning weight. Genetic analysis of ewe stayability
